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Abstract: The field experiment conducted with different plant density and different Genotypes showed significant 
differences in their morphological characters and phenological characters. Among the genotypes, AKA-7 possessed 
higher plant height (116.4 cm), No. of sympodia (19.27 plant-1) and leaf area index (3.628) compared to other geno-
types but leaf area (33.02 dm-2) and dry matter weight (103.21g/plant) were recorded higher with genotype Balwan. 
However, Normal plant density (100%) was registered higher plant height (102.6 cm), no of sympodia (17.33  
plant-1), leaf area (27.02 dm2) and dry matter weight (58.13 g/plant) but higher leaf area index (3.430) was recorded 
with higher plant density (200%). Among the genotypes, AKH-081 was comparatively earlier in phenological charac-
ters i.e. first square (47.9 days), first flower (67.9 days), first boll burst (116.1 days), first picking (128.7 days) and 
final picking (178 days). However, Higher planting density (200%) was recorded earlier in first square (49.3 day), 
first flower (67.8 days), first boll burst (116.9 days), first picking (130.6 day) and final picking (179.7 days). On the 
basis of this experiment, genotype Balwan and normal planting density level (100%) recorded higher morphological 
development wherever phenological development recorded earliar with the each respective phenophase in the Gen-
otype AKH-081 and highest planting density level (200%). 
Keywords: Genotypes, Plant density, Plant morphology, Plant phenology 
INTRODUCTION 
Cotton, the ‘white gold’ or the ‘king of the fiber’ ac-
counts for 75 % of the fiber used in textile industry and 
contributes 4 % of the Indian GDP. It is cultivated in 
tropical and subtropical regions of more than 80 coun-
tries of the world (Sankarnaryanan et al., 2010). It 
plays a prominent role in the rural, national and inter-
national economy. Planting density system is adopted 
for deciding the suitable morphological and phenologi-
cal characters according to the climatic condition and 
resources availability. Due to long duration of cotton 
genotypes. The morphological and phenological devel-
opment is affected by the incidents of pest and diseas-
es, moisture stress and environmental variabilities as 
rainfall and temperature that causes higher cost of cul-
tivation and low farm profitability. So to overcome 
above agronomic problems, selection of the morpho-
logical characters viz; plant height(cm), no. of sympo-
dia per plant, leaf area per plant (dm2), leaf area index 
and dry matterproduction (g plant-1)  and the phenolog-
icalcharacters viz; squares formations, flowering, boll 
formation and boll bursting and maturity are important 
aspects to improving the performance of cotton geno-
types under different planning density that well suited 
under rainfed condition (Patil  and Patil , 2007). 
ISSN : 0974-9411 (Print), 2231-5209 (Online)  All Rights Reserved © Applied and Natural Science Foundation  www.jans.ansfoundation.org 
Compact cotton genotypes require limited space to 
grow than tall and robust cotton plant so its important 
to decide the optimum plant density for compact cotton 
plant to generate maximum output and net profit. 
Along the morphological development, phenological 
development must be important aspect so an optimum 
plant density also requires todeciding the crop maturi-
ty, harvesting and crop growth period of cotton (Rose 
Roche, 2003). In addition, these compact early matur-
ing cotton can be harvested in two or three picking 
because of their short stature, lesser vegetative growth 
and synchronous maturity. So these compact geno-
types are ideally suited for machine pickings and high 
density planting (Patil and Patil, 2007). High density 
planting system gained further acceptance after the 
introduction of cotton hybrids. Research experiment 
conducted by Silvertooth (1999) indicated that with 
increase in plant density yield per unit area increased 
to an upper limit (optima), plateaued later and ulti-
mately declined. The optimum plant density in this 
parabolic (density – yield) relationship was a function 
of the genotype, soil type, climate and management 
(Venugopalan et al., 2013). In recent years studies 
opined that potential of Bt cotton is constrained under 
rainfed conditions in India and even though yields in-
crease with irrigation this does not necessarily translate 
 into an increase in economic benefits received by small 
holder farmers. Since cotton breeding has not concen-
trated on developing genotypes especially for high 
density planting in India, some promising genotypes of 
both Gossypiumhirsutumand Gossypiumarboreum 
needs to be evaluated locally for their morphological 
and phenological performance at higher planting densi-
ties under rainfed conditions. So this experiment was 
carried out to know about the morphological and phe-
nological performance of Hirsutem, Arboreum and Bt 
cotton under the high density planting system in rain-
fed conditions. 
MATERIALS AND METHODS  
Study site and climatic conditions: A field experi-
ment was conducted during 2015-16 under rainfed 
conditions at the All India Coordinated Research Pro-
ject on Agrometeorology (AICRPAM), Dr.Panjabrao 
Deshmukh Krishi Vidyapeeth, Akola, Maharastra to 
study the morphology and phenologyof different cot-
ton genotypes. The experimental trial site is situated in 
the sub-tropical zone at the latitude of 22042' North 
longitude of 770 02’ East. The altitude of the place is 
307.41 meter above mean sea level. The climate of 
Akola is semi-arid and characterized by three distinct 
seasons  viz., hot and dry summer from March to May, 
warm and rainy monsoon from June to October and 
mild cold winter from November to February. The 
normal mean monthly maximum temperature is 42.30C 
during the hottest month (May) while the normal mean 
monthly minimum temperature is 11.10C in the coldest 
month (December). Most of the rain received from 
south-west monsoon during June to October with mean 
annual normal precipitation of 788.9 mm received in 
43.7 rainy days (Average of 30 years, 1981-2010)The 
maximum mean daily evaporation observedin may 
month(15.6 mm) and lowest in the December month(4 
mm). The mean wind velocity reported maximum dur-
ing November (3.4 km hr-1) and lowest during June 
(13.5 km hr-1). Relative humidity attains the maximum 
value (69-87 %) during the south west monsoon 
months (June-September) and the minimum (15-19 %) 
during summer months (March-May). 
Properties of Soil: The soil of experimental plot was 
clayey. The fertility status of the soil indicates that the 
soil was medium in organic carbon (5.7 g kg-1), low in 
available nitrogen (210.7 Kg/ha) and medium available 
phosphorus(18.3 Kg/ha) and moderately high in avail-
able potassium(288.6 Kg/ha). With medium deep black 
cotton soil with slightly saline ph (8.3) and EC (0.24 
dSm-1) 
Expermantal design: This experiment laid out in a 
Factorial randomized block design that consisted 3 
genotypes viz.Arboreum (AKA-7), Hirsutum (AKH-
081) and Bt cotton (BALWAN) (Source ; Cotton re-
search unit, Dr. PDKV, Akola,Maharastra) with 3 rep-
lication and three planting density level at 100%  
planting density level ( For non Bt genotypes 111111 
plants ha-1 and for Bt genotype 24691 plant ha-
1) ,150% planting density level ( For non Bt genotypes 
166666 plants ha-1 and for Bt genotype 37037 plant ha-
1) and 200% planting density level ( For non Bt geno-
types 222222 plants ha-1 and for Bt genotype 49382 
plant ha-1). Compact cotton genotypes were selected 
based on growth and morphological characters like; 
plant height (cm),, No. of sympodia plant-1, leaf area 
(dm2plant-1), leaf area index and dry matter weight (g 
per plant) and for phenological characters as; first 
square, first flower, first boll burst, first picking and 
final picking were selected for study of morpho-
phenological responses of cotton varieties and different 
plant density. Observations were taken from randomly 
selected Five plants from each plot. The data were 
analyzed as per Gomez and Gomez (1984) with the 
help of computer. 
RESULTS AND DISCUSSION 
Plant height (cm): Data on plant height (cm) as influ-
enced by different treatments recorded periodically are 
presented in Table 1.Plant height increased as the crop 
advanced in age. Mean plant height increased from 
14.5± 1.26 cm at 30 Days After Emergence (DAE) to 
101.6 ±1.56 cm at harvest stage. The rate of increase in 
plant height was the maximum between 60 to 90 DAE. 
Subsequently the rate of increase of plant height was 
gradual decreasing towards maturity stage. 
Genotype: Plant height was significantly(P=0.05) in-
fluenced throughout the crop growth period by differ-
ent genotypes. At 30 DAE, Bt cotton Balwan recorded 
significantly higher plant height than AKH-081 and 
AKA-7 which were at par. Subsequently at 60, 90, 
120,150 DAE and at harvest stage, arboreum genotype 
AKA-7 attained significantly higher plant height over 
the remaining two genotypes. AKH-081 recorded the 
least plant height. Balwan recorded significantly high-
er plant height than AKH-081. Differences observed 
for plant height among cotton genotypes can be pri-
marily attributed to variation in genetic makeup of 
plants. Moreover, different genotypes respond in dif-
ferent degrees to the abiotic and biotic factors. Moola 
and Giri (2006) also observed that plant height has 
significant differences in of Bt and non Btcotton geno-
types due to the growth habits of different cultivars 
and response to environment. 
Plant density: Differences due to plant density on 
plant height were found to be non-significant at 30, 60 
and 90 DAE. Subsequently, from 90 DAE to harvest 
stage, maximum plant height was recorded in normal 
planting density with 100% population (P1) 
(107.3±1.56 cm), which was significantly superior 
over high density planting at 200% of normal popula-
tion (P3)(95.6±1.87 cm) and at par with high density 
planting with 150% population(P2)(102±1.96 cm). 
Treatments P2 and P3 varied non-significantly be-
Arvind Kumar et al. / J. Appl. & Nat. Sci. 9 (4): 2242 -2248 (2017) 
2243 
 tween them. Pradeep kumar et al. (2017) was observed 
that cotton seedlings tend to grow taller in thick stands. 
At harvest, plant heights in high density planting have 
the lowest average plant height because early canopy 
closure did not translate photosynthates for faster 
growth or development. Due to excessive competition 
forphoto-assimilates, high density planting attain lesser 
average plant height. (Rose Roche et al., 2003). Plant 
spacings directly influence soil moisture extraction, 
light interception, humidity and wind movement that 
influences plant growth and plant height. Zhang et al. 
(2014) observed that cotton plant height decreased 
with increased plant density. Singh et al. (2015) also 
reported that plant height attained its apogee at wider 
spacing. 
Number of sympodial branches: Sympodial branches 
plant-1 increased with the age of crop and attained 
maximum value at 120 DAE. Mean number of sympo-
dial branches plant-1 increased from 6.63±1.12 at 60 
DAE to 16.02±1.32 at 120 DAE. The relevant data on 
number of sympodial branches per plant are presented 
in Table 1. 
Genotype: The effect of genotype on sympodial 
branches plant-1 was recorded significant (P=0.05) 
among different genotype at 60 DAE, 90 DAE and 120 
DAE. Genotype AKA 7 (V2) recorded maximum num-
ber of sympodial branches plant-1 7.64±1.26, 
18.20±1.56 and 19.27±1.18 from 60,90 and120 DAE 
respectively and it was significantly superior over Bal-
wan (V3) and AKH 081 (V1).Balwan produced signif-
icantly more number of sympodial branches plant-1 as 
compared to AKH 081. The differences in number of 
sympodial branches plant-1 can be affected by differ-
ent factors viz; differences in genetic makeup of the 
genotypes, wherein in due to more plant height and 
duration, number of sympodial branches also increases 
relative to the different genotypes. Copur (2006), Giri 
et al. (2008) and Bharathi et al. (2012) observed sig-
nificant difference in sympodial branches per plant in 
cotton genotypes due to morphological differencia-
tion,apical dominance, plant height and resourses 
availability to different cotton genotypes. 
Plant density: The number of sympodial branches 
plant-1 was found to vary non significantly among 
different plant densities at 60 DAE and 90 DAE. But 
numerically normal planting at a level of 100% was 
recorded more number of sympodial branches plant-1
(16.22±1.20) than high density  planting at a level of 
150 % (14.93±1.40)and  200 % (14.31±1.32) and 90 
DAE. 
At 120 DAE, normal plant density (100%) recorded 
maximum number of sympodial branches plant-1 
(17.33±1.42) at par with high density planting at 150 
% (P2)[15.84±1.26] and significantly higher than high 
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Table 1. Plant height (cm), Sympodial branches plant-1, Leaf area plant-1(dm2), Leaf area index and Total dry matter accumula-
tion plant-1(g)as influenced by different cotton genotypes and different planting density. 
Treatment 
Plant height  
(cm) 
Sympodial branch-
es plant-1 
Leaf area 
plant-1(dm2) 
Leaf area 
index 
Total dry matter accu-
mulation plant-1(g) 
120 DAE 120 DAE 120 DAE 120 DAE 120 DAE 
Genotype           
V1-AKH 081 76.7±1.53 12.20±1.34 20.05±1.08 3.439±0.84 32.86±1.24 
V2-AKA 7 116.4±1.72 19.27±1.18 21.20±1.26 3.628±0.65 38.11±1.16 
V3-Balwan 98.4±1.26 16.60±1.18 33.02±1.43 1.197±0.56 113.70±2.12 
SE± 3.4 0.61 0.51 0.069 1.33 
CD(P=0.05) 10.3 1.84 1.53 0.207 3.98 
Plant density           
P1-NP 100% 102.6±1.56 17.33±1.43 27.02±1.72 2.048±0.59 69.74±1.89 
P2-HDP 150% 97.1±1.38 15.84±1.26 24.87±1.54 2.787±0.88 61.47±1.71 
P3-HDP 200% 91.8±1.26 14.89±1.14 22.39±1.29 3.430±0.96 53.46±1.58 
SE± 3.4 0.61 0.51 0.069 1.33 
CD(P=0.05) 10.3 1.84 1.53 0.207 3.98 
GM 97.2±1.28 16.02±1.32 24.76±1.31 2.755±0.96 61.56±1.68 
Table 2. Crop phenology as influenced by different cotton genotypes and different planting density. 
Treatment 
Duration (days) 
First square First flower First boll burst First picking final picking 
Genotype 
V1-AKH 081 47.9±2.21 67.9±1.67 116.1±2.16 128.7±1.86 178.0±1.56 
V2-AKA 7 50.2±1.56 69.1±2.86 122.2±2.86 138.1±2.25 191.3±2.14 
V3-Balwan 51.2±2.01 69.1±2.21 118.1±1.64 131.7±1.94 180.7±1.49 
Plant density(%) 
P1-NP 100% 50.4±1.68 69.2±1.94 120.3±2.14 134.3±1.69 186.0±2.02 
P2-HDP 150% 49.6±1.42 69.1±1.71 119.2±2.37 133.6±1.62 184.3±1.86 
P3-HDP 200% 49.3±1.38 67.8±1.67 116.9±2.24 130.6±1.56 179.7±1.79 
GM 49.8±2.46 68.7±1.32 118.8±2.02 132.8±1.25 183.3±1.36 
V= Genotype; P:- Plant density( NP=Normal planting, HDP=High density planting) 
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 density planting at 200% (P3)[14.89±1.14]. Treat-
ments P2 and P3 were statistically at par (Statistical 
methods, Gomez and Gomez (1984)). Plant spac-
ingsdirectly influences plantmoisture, light and space 
usethat causes excess competition for photo-
assimilates needed for growth and reproductive devel-
opment. Plant resources competition causes lesser pro-
duction of plant drymatter and new sympodial branch-
ing (Darawsheh et al 2007). Jagtap and Bhale (2011), 
Paslawar et al. (2015) and Shekar et al. (2015) also 
found that with increases the plant competition for-
moisture,light and space use causes low photosyn-
thetes accumulation. Due to lesser photosynthetes ac-
cumulation, the production of new branches are re-
duced. 
Leaf area per plant: Data pertaining to leaf area plant
-1 (dm2) as influenced periodically by different treat-
ments are presented in Table 1. The mean leaf area 
plant-1 expanded progressively and reached to a maxi-
mum of 24.76±1.31 dm2 at 120 DAE stage. The rate of 
increase in leaf area per unit time was maximum dur-
ing growth period of 60 to 90 DAE stage. 
Genotype: Different genotypes had significant
(P=0.05) influence on the leaf area dm2 plant-1 ob-
served at 60, 90 and 120 days after emergence of crop. 
At all the observed stages of observation Bt cotton 
genotype Balwan (V3) produced significantly higher 
leaf area plant-1(33.02±1.43)than hirsutum genotype 
AKH 081 (V1)(20.05±1.08) and arboreum genotype 
AKA 7 (V2)(21.20±1.26). The latter two genotypes 
produced statistically similar leaf area plant-1 at all the 
stages. BtBalwan and hirsutum AKH 081 genotypes 
have Broad-leaf expression while arboreum AKA 7 
has okra leaf shape. However, AKA 7 genotype bears 
more number of leaves compensating for its compara-
tively lower area of individual okra leaf. Differences in 
leaf area plant-1 may be mainly ascribed to differences 
in genetic makeup of the genotypesviz; Short stature, 
number of leaves per plant and shape of leaf as the 
broad leaf charecters(Bt BALWAN and AKH-081) 
and okra type leaf charecters(AKA-7). 
Plant density: Differences in leaf area plant-1 due to 
different planting densities were significant(P=0.05) 
and leaf area plant-1 showed decreasing trend with 
increasing plant density (P1 to P3) due to lesser mor-
phological developmentas lesser leaf development and 
lesser number of leaves at all the observed growth 
stages of the crop. Normal planting density (100%) 
produced significantly higher leaf area plant-1 
(24.32±1.34) at all observed stages of crop growth. 
However, it was on par with high density planting at 
150% of normal population (P2) (22.62±1.66), except 
at 120 DAE, and statistically more over high density 
planting at 200% (P3)(20.82±1.81). Treatment P2 was 
statistically equivalent to P3 except at 120 DAE 
whereat it noted significantly higher leaf area plant-1 
than P3. Maximum leaf area plant-1 with lower plant 
density could be due to higher number of leaves plant-1 
and better leaf expansion as a consequence of more 
favourable share of resources (moisture, light radiation 
and nutrients) by individual plant.  
Leaf area index: Leaf area index characterizes the 
canopy-atmosphere interface, where most of the energy 
fluxes exchange. Leaf area index (LAI) was computed 
treatment wise from 30 to 120 DAE. The relevant data 
are presented in Table 1. 
Genotype: Leaf area index was observed the maxi-
mum with AKH 081 that were 0.116± 0.14 and 
1.901±0.28 at 30 and 60 DAE respectively.  At 90 and 
120 DAE,LAI was found maximum with AKA 7 
which is 3.363±0.85 and 3.628±0.65respectively. 
However, both genotypes were statistically at par with 
each other and exhibited significantly higher LAI as 
compared to Bt cotton Balwan (V3). This could be 
mainly due to relatively wider plant spacing of Bt cot-
ton genotype accommodating more ground area plant-1, 
although it produced significantly higher leaf area plant
-1. 
Plant density: Plant density significantly(P=0.05) in-
fluenced the leaf area index. Leaf area index showed 
increasing trend with increasing plant density (P1 to 
P3) at all the observed growth stages. High density 
planting at 200% of normal population (P3) showed 
significantly higher leaf area index than 150% (P2) and 
normal (100%) planting densities. Reduced ground 
area plant-1 with higher population densities caused 
more LAI in high density planting. This corroborates 
the findings of Zhang et al. (2014) who observed that 
cotton leaf area index increased but plant height de-
creased with plant density.  
 Dry matter weight per plant: Total dry matter pro-
duction (g plant-1 is the integral component of crop 
growth rate over the entire growth period, and it is re-
lated to grain yield(Kg/ha) by the harvest index. Rele-
vant data to this character recorded at various stages 
are presented in Table 1. 
During the crop growing period increase in dry matter 
weightplant-1 (g) was continuous up to 150 DAE, from 
2.28 to 68.23 g. Subsequently at harvest it declined 
(52.16 g) due to leaf senescence and picking of burst 
bolls. The rate of increase was very slow up to 30 days 
(3.34%). Thereafter it accelerated with stage of growth 
i.e. at 60 days (26.71%), 90 days (64.86%) till 120 
days (90.22%). From 120th day further increase till 
150 DAE was comparatively small (9.78%). Therefore 
the maximum quantitative increase in dry matter 
weight was observed between 60 to 90 DAE followed 
by 90 to 120 DAE.Bange et al (2004)observed that 
plant dry matter increases slowly at early crop growth 
stage but during maximum vegetative stage, dry matter 
production increase rapidly due to more light intercep-
tion of light and less demand to reproductive organs 
after that at the reproductive stage and later dry matter 
accumulation rate decreases due to more demand to 
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 reproductive organs.  
Genotype: Different genotypes showed significant 
differences in dry matter weight plant-1(g) at various 
growth stages. Bt cotton Balwan (V3) accumulated 
significantly (P=0.05) higher dry matter weight plant-1
(129.28±2.14)as compared to AKH 081 (V1) 
(35.18±1.56) and AKA 7 (V2)(40.22±1.76) at all stag-
es of crop growth. Genotype AKA 7 recorded signifi-
cantly higher dry matter weight plant-1 than AKH-081 
(V1) 150 DAE, however, being statistically at par at 30 
DAE and harvest stage. Bt cotton Balwan inherently 
produced comparatively more vegetative/reproductive 
growth in terms larger leaves, resultantly larger leaf 
area plant-1 and hence more photo-assimilates to cater 
greater number bolls plant-1 and higher boll weight 
consequently causing higher dry matter weight plant-1. 
Sisodia and Khamparia (2007), Giri et al. (2008) and 
Ban (2015)  also reported significantly difference in 
drymatter production of different genotypes. Because 
different cotton genotypes have different growth habits 
and crop growth duration, moisture availability etc.  
Effect of plant density: Total dry matter accumulation 
plant-1(g) was significantly (P=0.05) influenced due to 
different plant densities at various growth stages of 
cotton. Cotton plants under normal planting density 
(P1) accumulated significantly higher dry matter plant-
1(76.87±2.32 )than both high planting densities of 
150% (P2)(68.25±1.96) and 200% (P3) of normal pop-
ulation(59.56±1.28) at all observed crop growth stages. 
However, 150% (18.89±1.56) and 200% planting den-
sities (17.83±1.68) were at par at 30 and 60 DAE but 
subsequently from 90 DAE till harvest stage the for-
mer proved significantly  
Plant spacing  influences soil moisture extraction, light 
interception, soil nutrients use, canopy aeration etc. 
that causealteration of vegetative and reproductive 
development of a plant. Under high density planting, 
plants suffer to excessive competition for limited re-
sources as sunlight, water and nutrients which translate 
into reduced photo-assimilates and hence lower dry 
matter production plant-1. Zhang et al. (2007) and 
Jadhav et al. (2015) opined  that plant drymatter pro-
duction decreases with increasing plant density due to 
resoures competition and  lesser leaf area for photo-
sythates production. 
Crop Phenology: Occurrence of different phenophase 
of crop and its duration in days under different treat-
ments is presented in Table 2.Mean number of days to 
different phenophase as first square, first flower, first 
boll burst, first picking and final picking was  
49.8±2.46, 68.7±1.32, 118.8±2.02, 132.8±1.25 and 
183.3±1.36 days, respectively. 
Genotype: Number of days required to attain different 
phenophase differed slightly among genotypes till first 
flower stage, subsequently magnitude of differences 
among genotypes increased till final picking 
stage.Days to first flower is not directly considered as 
yield component but days taken to first flower after 
emergence of the crop would ultimately influence the 
opening of bolls, thus helps in determining the earli-
ness in maturity.Genotype Balwan (V3) required more 
days to first square stage (51.2±2.01 days) than the 
other two genotypes AKA 7 (50.2±1.56 days) and 
AKH 081(47.9±2.21 days). Genotype AKH-081 pro-
duced early flowering (67.9±1.67 days) followed by 
genotypes AKA-7 (69.1±2.86 days) and Balwan 
(69.1±2.21 adys).First boll burst was observed earlier 
with genotype AKH-081 (116.1±2.16) than genotype 
Balwan (118.1±1.64) and AKA-7 (122.2±2.86) be-
cause Genotype AKA-7 was suffered from marginal 
square/flower drop at first flush while genotype AKH 
081 also encountered scattered square/flower drop of 
first flush that cause delay in AKA-7 to reach at first 
boll burst stage 
Due to delay in first boll burst, Genotype AKA-7 re-
quired more days (138.1±2.25) to reach at first picking 
stage than other Genotypes. Whereas Genotype AKH-
081 reached earlier to final picking stage (178.0±1.56 
days) than Balwan (180.7±1.49 days) and AKA-7 
(191.3±2.14 days) because earliness in reaches to dif-
ferent phenophases as first square initiation, first flow-
er initition, first boll burst stage and first picking 
stage.Although average crop duration of all three gen-
otypes is in the range of 150-160 days, increased crop 
duration observed in the present study might be due to 
the seasonal growing environment influences as rain-
fall variability. As such the variation in occurrence 
time of respective phenophase and also crop duration 
among genotypes are primarily due to their different 
inherent genetic expression; though modified and con-
trolled by growing environment influences. 
Plant density: The appearance of first floral bud 
(square) is considered as an important trait to assess 
earliness in cotton (Saleem et al., 2010). Many studies 
have reported that crop maturity occurred earlier with 
the increasing of the plant density. According to Rose 
Roche (2003) conceptually, the high density planting 
of Ultra Narrow Row reduces the time to crop maturi-
ty, as fewer bolls per plant need to be produced to 
achieve yields comparable to conventionally spaced 
cotton crops. Under high planting densities excessive 
competition for limited resources force the plants to 
pace through to maturity earlier.  
Normal planting density (P1-100%) required compara-
tively more number of days to attain different phe-
nophase and reach maturity. Plants in thin stands grow 
large vegetative structures and more fruit load, as a 
result more time is required to set the crop and conse-
quently maturity is delayed. There appears marginal 
difference (1 to 2 days) between 100% and 150% 
planting density in attainment of respective phe-
nophase and maturity. In comparison with normal 
planting density (P1), highest planting density of 200% 
population (P3) reached earlier to first flower 
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 (67.8±1.67 day), first boll burst (116.9±2.24 days), 
first picking (130.6±1.56 days) and final picking 
(179±1.79 days).  According to Munir et al.
(2015),number of days from planting to first floral bud 
initiations (squaring) were decreased by narrow spac-
ing which might be due to increased inter-plant com-
petition. These results also substantiated the findings 
of Bednarz et al. (2000) and Mygdakos et al. (2004), 
who reported that the earliness (early squaring or flow-
ering) increased when row spacing decreased. 
Conclusion 
The present study observed that genotypes and plant 
density  significantly influenced the morphological 
and phenological performance of different cotton gen-
otypes. It was reported that genotype AKA-7 was sig-
nificantly superior in plant height, number of sympodi-
al branches per plant and leaf area index than other 
genotypes but in case of leaf area per plant and dry 
matter production per plant, genotype BALWAN was 
found superior over the rest of the genotypes that indi-
cated that Balwan more efficiently utilizes the re-
sources in rainfed region. Planting density at the of 
100% reported maximum plant height, number of 
sympodial branches per plant, leaf area per plant and 
dry matter production per plant than other plant densi-
ty. In case of phenological performance, genotype 
AKH-081 and planting density at the level of 200% 
were best suited under rainfed conditions because it 
showed earliness in development of all phenological 
characters’ as first square development, first flowering 
stage, first boll burst stage, at first picking and final 
picking stage. 
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